Purpose. We examined survival of patients who underwent esophagectomy for locally advanced esophageal cancer with foci that were suspicious for metastatic disease on initial imaging but whose disease did not progress after induction chemoradiation treatment (CRT). Methods. The impact of pre-and posttherapy staging characteristics on survival of patients who underwent esophagectomy after CRT between 2003 and 2009 was evaluated using multivariable logistic regression. Survival of patients with and without possible metastatic disease on initial imaging was compared with the log-rank test. Results. During the study period, 71 (32 %) of 220 patients who underwent CRT followed by esophagectomy had possible distant metastatic disease on initial imaging. Patients with initial suspicion of metastases had a 5-year survival of 24.8 %. Overall survival of patients with and without possible metastatic disease on initial imaging was not significantly different (p = 0.4), but pretreatment positron emission tomography (PET) suggesting a liver lesion (hazard ratio [HR] 3.2, p = 0.003) predicted worse survival. Additional predictors of worse survival were clinical T4 status (HR 3.1, p = 0.001), post-CRT pathologic nodal status (HR 1.6, p = 0.04), and pathologically confirmed metastatic disease at or before resection (HR 3.1, p = 0.01). None of 10 patients with pathologic metastatic disease at resection lived longer than 2.5 years.
Conclusions.
Patients with possible liver metastases on pretreatment PET and patients with confirmed metastatic disease at the time of surgery do not benefit from resection. However, patients with pretreatment imaging that shows possible metastatic disease in sites other than the liver still have reasonable long-term survival after resection.
The incidence of esophageal cancer is increasing, with an estimated 17,460 new cases in the United States in 2012. 1 Overall 5-year survival for patients with esophageal cancer remains poor, although some improvement has been achieved with an increase from 5 % to 17-19 % over the past four decades. [1] [2] [3] Approximately 32 % of esophageal cancer patients have regional disease at the time of diagnosis, with a 5-year survival of only 10-30 %. [4] [5] [6] Recent evidence suggests that induction chemoradiation treatment (CRT) followed by surgical resection is the optimal treatment for patients with locally advanced disease. [7] [8] [9] [10] [11] [12] [13] Treatment guidelines for locally advanced esophageal cancer therefore typically involve induction CRT followed by esophagectomy for patients considered resection candidates. 14 However, obtaining accurate pretreatment staging and then subsequently providing stage-appropriate treatment is crucial in optimizing esophageal cancer outcomes to avoid both inadequate and unnecessary treatment.
Unfortunately, pretherapy imaging has many limitations. [15] [16] [17] Liberale et al. found that the sensitivity, specificity, and accuracy of positron emission tomography (PET) scanning was 38, 81, and 67 %, respectively, for lymph node involvement detection and 88, 88, and 88 %, respectively, for distant metastasis detection in patients with esophageal cancer. 15 Van Vliet et al. found similar results in a meta-analysis that looked at imaging techniques used to evaluate esophageal cancer. 16 Thus, imaging remains imperfect despite its crucial role in determining esophageal cancer treatment.
One particularly difficult clinical scenario is when initial imaging shows possible distant metastatic disease that would be difficult to pathologically confirm and is no longer present or is unchanged after CRT. One management option is to give the patients the benefit of doubt in regards to whether metastatic disease is present and perform esophagectomy. The major downside to this strategy is that patients who may not gain survival benefit from esophagectomy are still exposed to potential peri-operative morbidity and mortality, which unfortunately remains considerable despite improvements over time and the development of minimally invasive techniques. [18] [19] [20] [21] [22] [23] [24] This study was performed to characterize outcomes after surgery in this situation and provide data to assist treatment decisions. Specifically, we evaluated outcomes based on pretreatment imaging, other preoperative staging characteristics, and posttherapy pathologic staging.
METHODS
We performed an institutional review board-approved retrospective review of a prospectively collected database of 220 patients with esophageal cancer who underwent induction CRT followed by esophagectomy between 2003 and 2009. We included patients who had adenocarcinoma or squamous cell carcinoma of the thoracic esophagus with or without involvement of the gastroesophageal junction. The data collected included patient demographics, comorbid status, tumor histologic type and location, locations of suspicious metastases on CT and PET scan, pathologic T and N stage, surgical approach, and treatment effect, including whether or not there was complete response, as well as whether and where there was recurrence.
The algorithm for treatment of fit esophageal cancer patients with locally advanced disease (typically defined as disease that is T2 or higher or positive for the presence of nodal disease) at our institution begins with CRT.
14 The patients then undergo follow-up imaging with CT or PET/ CT at the completion of this therapy. Patients who do not have worsening of disease on this imaging will undergo an esophagectomy about 6 weeks later. The resection technique is based on surgeon preference as well as the location of the tumor. Although our treatment algorithm is quite selective, occasionally patients being referred for surgery present with evidence of suspicious metastatic disease considered somewhat ambiguous and not readily suitable for biopsy. In addition, patients are sometimes referred for surgery with a suspicious lesion at presentation that was not pathologically confirmed before CRT. Patients who are physically fit and have had a response to induction therapy, especially in the setting of an ambiguous mass, may be given the benefit of the doubt and move forward with surgery after evaluation by both surgical and medical oncology.
A Cox proportional hazards model was performed for evaluation of overall survival. A multivariable logistic regression model was developed to predict the impact of preoperative staging characteristics and posttherapy pathological staging on survival. Survival time was measured from the date of surgery to the date of death or last followup. Survival curves were estimated by the Kaplan-Meier method. Survival of patients with and without possible metastatic disease on initial imaging was compared with the log-rank test.
Continuous data are presented as median and interquartile range (IQR). Categorical variables are presented as frequency and percentages. Multivariate regression results are presented as hazard ratios and 95 % confidence intervals (CI). Comparisons of patient characteristics were performed using the Pearson's v2 test or Fisher's exact test for categorical variables, as appropriate. The two-sample unpaired t test was used to compare normally distributed continuous variables, and the Kruskal-Wallis test was used for nonnormally distributed data. A two-tailed p value of less than 0.05 was considered significant. The SAS 9.2 statistical package (SAS Institute, Cary, NC) and R 3.0.2 (R Foundation for Statistical Computing, Vienna, Austria) software were used for statistical analyses.
RESULTS

Preoperative Characteristics
In our cohort, 220 patients underwent CRT followed by esophagectomy; 72 % of the patients were staged via CT, 73 % by EUS, and 80 % with PET. During the study period, 71 patients (32 %) had initial imaging that officially reported a total of 110 areas considered to be suspicious for metastatic disease: lungs (n = 38, 34 %), liver (n = 16, 14 %), kidneys (n = 11, 3 %), adrenals (n = 8, 7.2 %), pleura (n = 5, 4.5 %), spleen (n = 5, 4.5 %), bone (n = 5, 3.6 %), prostate (n = 4, 3.6 %), colon (n = 4, 3.6 %), pancreas (n = 3, 2.7 %), heart (n = 3, 2.7 %), thyroid (n = 2, 1.8 %), stomach (n = 2, 1.8 %), cervix (n = 1, 0.9 %), bladder (n = 1, 0.9 %), paraaortic (n = 1, 0.9 %), and breast (n = 1, 0.9 %). There was no difference seen in the group without suspicion of metastatic disease and the group with suspicion of metastatic disease in regards to the demographic parameters age, gender, race or smoking history. Neither was there any difference between the two groups in regards to the comorbid states as measured by the Zubord performance score or American Society of Anesthesiologists class. History of CAD, hypertension, diabetes, renal insufficiency, chronic obstructive pulmonary disease, and thoracic surgery were the same in both groups as well (Table 1) .
Pathology and Perioperative Outcomes
Both the group with suspicion of metastatic disease and the group without had similar tumor characteristics ( Table 2) . Adenocarcinoma of the esophagus predominated in both groups and the tumor was located in the lower third of the esophagus over 80 % of the time in both groups. T and N stage were also similar, as were the median lymph nodes collected, the percentage of R0, R1 and R2 resections and the percentage of radial margin positivity in both groups. Of note there were 11 patients who had clinical T4 tumors. The reason for the T4 status was: 7 (64 %) pleural invasion, 1 (9 %) lung, 1 (9 %) aortic, 1 (9 %) tracheal, and 1 (9 %) with direct extension into the liver. Overall, 71 patients (32.3 %) had complete pathologic response after induction treatment; 22 (31 %) of the complete response were in patients who had suspicion of metastatic disease on pretherapy imaging. The length of stay after esophagectomy was similar between both groups, as was the perioperative mortality. In our cohort, transhiatal and three-incision esophagectomies were performed at nearequal rates-approximately 40 % for each procedure. The Ivor-Lewis esophagectomy was performed next frequently, followed by left thoracotomy. There was no difference in the two groups in regard to the surgical approach used. There were some differences in short-term outcomes between patients who had an approach that involved a chest incision (three incision with thoracotomy or thoracoscopy, left thoracotomy, and Ivor-Lewis with thoracotomy or thoracoscopy) and patients whose approach did not involve a chest incision (transhiatal). Compared to the transhiatal patients (n = 84), patients who had a chest incision (n = 135) had a longer median length of stay (11 [9, 17] vs. 8 [7, 12] days, p \ 0.0001), but they also had a higher median number of collected lymph nodes (10 [6,16] vs. 8 [4, 11] lymph nodes, p \ 0.0001). There was no statistically significant difference in 30-day mortality between the transhiatal patients and the patients who had a chest approach (2.4 % [2 of 84] vs. 6.7 % [9 of 135], p = 0.17).
Long-Term Outcomes and Multivariable Analysis
Mean follow-up was 24 months for all patients. Survival of patients with and without possible metastatic disease was similar. The group with suspicion of metastases had a 5-year survival of 24.8 %. The group without suspicion of metastatic disease had a 5-year survival of 25.4 % (p = 0.368) (Fig. 1) . Multivariable analysis was performed and revealed that pretreatment PET evidence of a liver lesion, clinical T4 stage, posttreatment pathologic nodal stage, and pathologic metastatic disease predicted worse survival (Table 3) .
Subgroup Analysis
None of the 10 patients who we found with pathologic confirmation of metastatic disease at resection survived longer than 2.5 years. Although there was no difference in survival between patients with suspicion of metastatic disease on pretreatment imaging and those without, those with suspicion of liver metastases did statistically significantly worse when compared to those with other suspicious metastases or those with no metastases at all. As seen in Fig. 2 , the 5-year survival for those patients with no suspicion of metastases or those with suspicion of metastases to nonliver sites was 26.1 %. The 5-year survival for those with suspicion of liver metastases was only 9.9 %, however. The difference between both groups is statistically significant (p = 0.014). For the 71 patients who had findings suspicious for metastatic disease before treatment, there was not a statistically significant difference in survival (p = 0.561) between 45 patients who had only one suspicious site (5-year survival 27.5 %) and 26 patients who had more than one suspicious site (5-year survival 21.4 %).
DISCUSSION
We set out to determine whether isolated foci suspicious for metastatic disease on pretherapy imaging, which is known to have limitations, should preclude a patient from esophagectomy, and whether one should proceed if the patient with the suspicious disease undergoes treatment with no progression or with actual regression of the suspicious site. In this cohort of 220 patients who underwent CRT followed by esophagectomy, 71 patients (32.3 %) had possible metastatic disease on initial CT or PET imaging. The survival of the patients with suspicious metastatic disease on pretherapy imaging was similar to that of those who had no suspicion of metastases. Considering that survival of patients with metastatic esophageal cancer is clearly far inferior to that of patients with esophageal cancer who have no evidence of disease spread, these results suggest that many patients have false-positive findings of distant metastatic disease on pretreatment imaging. 1, 25 Frequently staging studies show ambiguous findings that are interpreted as possibly representing metastatic disease but are not easily amenable to biopsy for pathologic confirmation. Our results suggest that in this situation, using a strategy of giving the benefit of doubt and proceeding with aggressive therapy that includes resection may be appropriate. This strategy can also be utilized when patients have a suspicious finding on pretreatment imaging that is no longer present after CRT.
In our subgroup analysis we did note that those with suspicion of liver metastases did statistically significantly worse than those with suspicious nonliver metastases or than those with no suspicion of metastases at all. Therefore, it appears that suspicious liver lesions in the setting of esophageal cancer may be more likely to represent metastatic disease than abnormalities in other locations. Our results suggest that nonliver lesions found on pretherapy imaging frequently represent benign disease and thus would not negatively impact survival like true metastases would. Other studies have had similar findings. Malik and colleagues found that PET imaging had a high false-positive rate in regard to detection of metastatic disease in patients with esophageal cancer. 26 Meyers and colleagues of the ACOSOG (American College of Surgeons Oncology Group) Z0060 trial evaluated 189 patients with resectable esophageal cancer and studied the impact that PET had on these patients. Overall, the authors found that PET usage was clearly favorable but that of the 35 lesions found to be suspicious for metastatic disease on PET (2 M1a, 33 M1b), 7 (20 %) were found to be falsely positive by biopsy. The authors wrote that ''the risks and costs that characterize the burden of false positive results are likely underestimated here.''. 27 Because patients with suspicion of nonliver metastases have the same survival as those with no suspicion of metastases in our study, we feel that aggressive treatment strategies are appropriate in many situations. Possible lifepreserving measures, like esophagectomy should not be withheld because of ambiguous, possibly benign, findings on pretherapy imaging in patients who are fit and otherwise good surgical candidates. A more aggressive approach at either biopsy of these lesions preoperatively or intraoperatively is warranted before a patient is denied surgical resection. If the biopsy of an ambiguous lesion is either technically difficult or involves risk of patient morbidity, the lesion can be evaluated on imaging before and after CRT. If there is no worsening of disease and certainly if there is resolution of the lesion and the patient is otherwise a good operative candidate, operative management should be considered. In some cases, additional imaging modalities can be considered in the evaluation for metastatic disease, i.e. bone scan for suspicious bony lesions.
Even with the use of PET/CT, whose main incremental value over PET is in the identification of unsuspected metastatic disease, current imaging is still limited. 28, 29 As clinicians, we must understand this and assure that our patients are not being denied therapy based on inaccurate imaging. Our study does have limitations, which include its small size and the fact that it is performed solely at a single institution. It is also retrospective and evaluates highly selected patients. Applying these findings to patients must therefore be done very carefully, as the results are not necessarily generalizable to all patients. The study does have clinical merit as the results suggest that suspicion of nonliver metastatic disease on pretherapy imaging should not necessarily preclude a patient from esophagectomy after induction therapy. Selection certainly is key, but some patients with these findings will benefit from aggressive surgical management. The results of our study suggest, that if, however, at the time of surgery or after induction therapy, biopsy reveals residual pathologic metastatic disease, esophagectomy likely does not imply potential cure and should only be considered for palliative purposes. In conclusion, patients with pretreatment staging studies that suggest T4 disease or liver metastases and patients with unexpected metastatic disease found at the time of surgery do not likely benefit from resection. Resection may, however, confer a survival benefit to patients with pretreatment imaging that shows possible distant metastatic disease not involving the liver.
